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Abstract
Background: Studies have established that most regular adult smokers become addicted in their adolescent years.
We investigated the incidence of and risk factors associated with initial experimental smoking among a group of
school children who were followed for 8 years.
Methods: We used cohort data collected as part of the Child and Adolescent Behaviors in Long-term Evolution
(CABLE) study, which selected nine elementary schools each from an urban area (Taipei City) and a rural area
(Hsingchu county) in northern Taiwan. From 2002 to 2008, children were asked annually whether they had smoked
in the previous year. An accelerated lifetime model with Weibull distribution was used to examine the factors
associated with experimental smoking.
Results: In 2001, 2686 4
th-graders participated in the study. For each year from 2002 to 2008, their incidences of
trial smoking were 3.1%, 4.0%, 2.8%, 6.0%, 5.3%, 5.0% and 6.0%, respectively. There was an increase from 7
th to 8
th
grade (6.0%). Children who were males, lived in rural areas, came from single-parent families, had parents who
smoked, and had peers who smoked were more likely to try smoking earlier. The influence of parents and peers
on experimental smoking demonstrated gradient effects.
Conclusions: This study used a cohort to examine incidence and multiple influences, including individual factors,
familial factors, and community factors, on experimental smoking in adolescents. The findings fit the social
ecological model, highlighting the influences of family and friends. School and community attachment were
associated with experimental smoking in teenagers.
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Background
Smoking is one of the most popular forms of drug use
and is a major risk factor for lung cancer and cardiovas-
cular disease [1]. In a systematic review of 17 studies,
smoking was found to be associated with peripheral
arterial disease not only among current smokers but
also among former smokers [2]. Due to its public acces-
sibility, smoking has become one of the world’sm o s t
prominent public health issues and is a leading cause of
premature death worldwide [3,4]. A high prevalence of
smoking has been observed in Chinese societies [5]. Sev-
eral studies have established that most regular adult
smokers become addicted to nicotine in their adolescent
years [6-8]. Public health researchers have conducted
extensive research on adolescent smoking and its rela-
tionship with factors such as parental and peer relations,
academic performance, socioeconomic factors, and
environmental factors [9]. Due to the specific targeting
of advertising by the tobacco industry, growing popula-
tions of adolescents in both developing and developed
countries are taking up smoking [10]. If not effectively
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kers suffer from highly preventable cardiovascular dis-
eases and risk premature death. The reasons behind
adolescent smoking are complex and involve multiple
influences, including individual factors, socioeconomic
factors, familial factors, peer influences, school and
environmental factors. It has been reported that the
majority of youth experimental smokers become daily
smokers [7,8]. An understanding of the age of experi-
mental smoking and related risk factors is important for
designing early intervention programs targeting high-
risk groups.
Many studies have monitored the smoking status of
youth worldwide. The Global Youth Tobacco Survey
(GYTS) is the largest surveillance system, which con-
ducts periodic surveys on tobacco use in a wide range
of countries [11]. Many longitudinal studies have also
explored the factors predicting regular smoking in teens
[8]. However, these studies, especially longitudinal stu-
dies of experimental smoking in school children, have
rarely been conducted in Asia. Previous studies exam-
ined either current smoking behavior or the initiation
age of smoking. As mentioned above, a large proportion
of experimental youth smokers continue to smoke in
adulthood. It is important to understand when these
youth first tried smoking and the factors that are asso-
ciated with these trials.
The Child and Adolescent Behaviors in Long-term
Evolution (CABLE) study [12] was initiated to examine
the behavioral development of school children in Tai-
wan. Children were visited annually and were asked
questions related to their behaviors. The study has accu-
mulated long-term information on these children’s
behaviors and risk factors. Information concerning when
children first tried smoking and the factors associated
with smoking experimentation can be extracted from
these data. The purpose of this study was to investigate
the incidence of experimental smoking and its risk fac-
tors in a group of school children who were followed
for 8 years.
Methods
Data for this study came from the study of Child and
Adolescent Behaviors in Long-term Evolution (CABLE)
[12,13]. The study was designed to observe the develop-
ment of children based on the ecological model, which
emphasizes that individual, interpersonal, organizational,
community and public policy factors shape the develop-
ment of a child. Additional information was collected
during the yearly follow-ups to reflect problems faced
by the children at that age, but the changes on questions
were minor. Students from urban and rural areas were
sampled to identify the developmental differences
between these two groups [13]. Nine elementary schools
each from an urban area (Taipei City) and a rural area
(Hsingchu County) in northern Taiwan were selected.
The 1
st and 4
th graders in each school (representing the
1
st and 2
nd cohorts) were selected as the baseline
cohorts to be followed annually. The CABLE study was
approved by the Internal Review Board of the National
Health Research Institutes (approval code: EC9009003).
All parents of students in the study signed a consent
form allowing their children to participate. We used
data from the initial cohort of fourth-graders in this
study because they were entering adolescence. Complete
data on all 8 years of follow-up were available for more
than two-thirds of the children.
The outcome variable was experimental smoking from
2002 to 2008. Each year, children were asked whether
they had smoked in the past year. We asked the ques-
tion, ‘Have you smoked cigarettes, even one puff?’ The
answers included (1) never; (2) not this year, but the
year before; (3) not this month, but this year; (4) one or
two times this month; (5) many times this month; and
(6) almost every day this month. This set of questions
was similar to the Global Youth Tobacco Survey [14].
Students who had not answered ‘yes’ in previous years
and who answered ‘yes’ in a subsequent year were con-
sidered new cases. Because we were studying experi-
mental smoking in children aged approximately 10
years, we considered one inhalation of tobacco to be an
incidence of experimental smoking. In addition to indi-
vidual factors, we were interested in the effects of family
and community on the initiation of smoking.
Individual factors included gender, residential area,
self-perceived school performance, depressive symptoms
and self-competence. Depressive symptoms were mea-
sured by 7 questions, which asked about loss of appetite,
feeling sad, crying for no reason, getting upset over
nothing, feeling frightened, difficulty sleeping, and lack
of motivation to do anything in the previous two weeks.
A three-point-scale was used with 1 point given for not
at all, 2 for sometimes, and 3 for often. The sum of the
scores for all items was used. A higher score implied
more depressive symptoms. The questions were based
on the depressive symptoms of the Center for Epidemio-
logical Studies Depression Scale for Children (CES-DC)
[15], which has been widely used in Taiwanese surveys.
Cronbach’s a, which measures how well each individual
item in a scale correlates with the sum of the remaining
items, was used for the internal consistency or validity
of the scales. The survey of 8
th graders was used to esti-
mate Cronbach’s a. The widely accepted social science
cut-off is an alpha of .70 or higher for a set of items to
be considered a scale [16]. The Cronbach’s a was 0.74.
Self-competence was measured by 6 items, including
optimism, feeling happy, willingness to try new things,
working hard, facing problems positively, and perceiving
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based on Tafarodi and Swann [17]. The Chinese version
was evaluated by Song et al. [18]. A 5-point Likert scale
was used, with scores ranging from 1 (never) to 5
(always). The scores of the 8
th graders were used to cal-
culate Cronbach’s a, which was 0.79.
Family factors included socio-economic status, coming
from a single-parent family and the degree of parental
support and supervision. Parental smoking was also
assessed. Family socioeconomic status was measured by
family income and father’s education level. The cate-
gories of monthly family income were (1) less than 19,
999NTD (new Taiwan dollars, 1 NTD ≈0.03 USD); (2)
20,000~39, 999NTD; (3) 40, 000NTD~59, 999NTD; (4)
60,000~79, 999NTD; (5) 80,000~99, 999NTD; (6)
100,000~119, 999NTD; (7) 120,000~139, 999NTD; and
(8) ≥ 140, 000NTD. Education levels were (1) elemen-
tary school or less; (2) junior high; (3) senior high; (4)
vocational school; (5) college; (6) university; and (7)
graduate school or above. We added together the levels
of family income and education and then divided them
into 3 categories: low < 8 (1
st quartile); medium 8-13;
and high 13 (4th quartile).
Parental smoking status was assessed for both parents.
The combination of answers resulted in three categories:
(1) both parents smoke; (2) only one parent smokes; and
(3) neither parent smokes. The questions on parental
support and supervision were part of family interactions
[19]. They were developed by a panel of experts specia-
lizing in behavioral sciences and education. They
adapted the concepts from various researchers [20,21].
Once the experts reached consensus, the questions were
examined by the fieldworkers to evaluate their feasibility.
Then, the CABLE team has extracted factors on family
interactions. The family interactions consisted of 6
aspects, including parental support, family activities, psy-
chological control, parental discipline, behavioral super-
vision, and family conflic t[ 1 9 ] .W eo n l yu s e dt w o
aspects in this study, which were parental support and
supervision. Parental support was assessed by 6 ques-
tions: providing encouragement in difficult times, prais-
ing good performance, providing comfort when you are
upset, taking care of you when you are sick, listening,
and taking an interest in your school life. Each response
had four options ranging from 1 (never) to 4 (every
time). Scores for each item were added together to
obtain the score for parental support. The Cronbach’s a
was 0.91. Parental supervision was assessed by four
questions, which asked whether parents were aware of
what children did in their spare time, what they did on
their way home from school, who they spent time with,
and how they used their allowance. A 4-point scale was
used, with 1 indicating that parents did not know any-
thing and 4 indicating that they knew everything. Scores
for each item were summed to obtain the score for par-
ental supervision. Cronbach’s a was 0.77. Details of the
questions can be found in Appendix 1.
Peer smoking, school attachment and neighbors were
considered as community factors. Children were asked
whether none, a few, about half, most or all of their
peers smoked. School attachment was assessed by
whether children liked their current school, teachers,
and classmates. Responses to each item had five options
ranging from 1 (do not like it/them at all) to 5 (like it/
them very much). These questions were included in the
questionnaire from 2003. The average of scores from
2003 to 2008 was used in the analysis. Eight items were
used to assess community attachment: (1) Do you or
your family visit or talk to your neighbors? (2) When
you go away, does your family ask neighbors to house
sit, including checking the mail, watering the garden,
and feeding the dog? (3) Do you think your neighbors
are trustworthy? (4) Do you think your neighbors are
kind and friendly? (5) Do you and your family partici-
pate in community activities? (6) Do you like where you
live? (7) Do you think your living environment is safe?
(8) Are there ever strange people wandering around the
neighborhood? A 5-point scale was used for each item,
with 1 point indicating never and 5 points indicating all
the time. A score in the lowest quartile (22 points) was
considered low, and a score in the upper quartile (29
points) was considered high. Details of the questions
used in all scales are given in Appendix 1 (Additional
file 1, appendix 1).
The event time was 4
th grade to the year of experi-
mental smoking. Because experimental smoking could
occur before the first interview, between the two inter-
view years, or after 2008, the data contained all types of
censoring: left censoring, interval censoring and right
c e n s o r i n g .T h es u r v i v a lt i m ew a st h et i m et h a ts t u d e n t s
never smoked. A parametric model is appropriate for
this type of data. A Weibull distribution consists of two
parameters describing the shape and scale of the distri-
bution curve [22]. Therefore, an accelerated lifetime
model (ALT), which models the survival time assuming
Weibull distribution, was used. All analyses were con-
ducted using SAS version 10 (SAS Inc., Cary, USA).
Results
Table 1 shows the characteristics of the study subjects.
There were 2071 subjects who participated in the study
in 2001. In 2002, we sent invitations to those who did
not consent in 2001, and 615 of these subjects re-joined
the study. Therefore, the total number of children at the
start of the study was 2686 4
th-graders. Over two-thirds
of the participants were followed for 8 years. More boys
than girls had tried smoking at least once during the 8-
year follow-up. More ever-smokers lived in a rural area
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who had poorer perceived school performance were
more likely to start smoking during the follow-up. Chil-
dren with medium to low socioeconomic status were
more likely to smoke than those with high socioeco-
nomic status. Children with one or both parents who
were smokers were more likely to be smokers them-
selves. Socioeconomic status was inversely associated
with smoking initiation, as was community attachment.
All of these factors reached statistical significance.
Children who started smoking had significantly higher
depressive symptom scores, lower self-competence,
lower parental support, less parental supervision, and
lower school attachment scores. The smoking incidence
rate is shown graphically in Figure 1. There was a drop
in incidence in the 7
th g r a d ef o l l o w e db yas h a r p
increase in the 8
th grade. Boys were consistently more
likely to take up smoking than girls.
Table 2 shows the results of survival analysis. We used
an accelerated failure time model assuming a Weibull
distribution. The scale was 0.57, which indicated that
the hazard was increasing at a decreasing rate. A nega-
tive value indicated an early initiation. Boys and stu-
dents who lived in a rural area, came from a single-
parent family, had parents who smoked, had peers who
smoked, had low school attachment, or had median
community attachment started smoking earlier than did
their counterparts.
Discussion
This study followed a group of 4
th-graders annually and
assessed the incidence of experimental smoking and
related risk factors. The results showed that the inci-
dence of experimental smoking increased with age.
There was a drop in incidence in the 7
th grade followed
by an increase in the 8
th grade. Individual factors, such
as gender and residential area, familial factors such as a
single-parent family and parental smoking status, and
community factors, such as peer smoking status, school
attachment and community cohesion, were risk factors
for smoking initiation in school children.
The reasons for adolescent smoking are complex and
multifaceted. However, researchers have been able to
detect general trends related to the commencement of
smoking in adolescence. In Tyas and Pederson’sr e v i e w
[23], age was associated with an increase in smoking
prevalence and initiation. Chen and colleagues reported
that the mean age of initiation of use any of tobacco,
alcohol, or illicit drugs was 16 to 18 years [24]. We
observed a similar pattern, except for the decrease in
the 7
th grade, which may have been a result of the tran-
sition involved in attending a new school. In Taiwan, six
years of education was compulsory until 1968 after
which compulsory education was extended to 9 years.
All students attend elementary school for 6 years after
w h i c ht h e ym o v et oj u n i o rh i g hs c h o o lf o rt h en e x t3
years. During the first year in a new school, students
might go through a period of adjustment. This is also
the time when students are entering adolescence and
when they begin to explore and experiment with new
t h i n g s .O n c et h e yh a v ea d j u s t e dt ot h en e we n v i r o n -
ment, the students may begin experimenting. This phe-
nomenon could be the reason for a drop in
experimental smoking incidence in the 7
th grade
Table 1 Characteristics of the study sample
Never
smoked
Smoked
Characteristic n (%) n (%) c
2
Gender (n = 2686) 78.21 ***
Boys 831 (60.13) 551 (39.87)
Girls 992 (76.07) 312 (23.93)
Residential area (n = 2686) 43.88 ***
Taipei (urban) 1062 (73.39) 385 (26.61)
Hsinchu (rural) 761 (61.42) 478 (38.58)
Perceived school performance (n = 2341) 6.46 *
Poor 861 (67.21) 420 (32.79)
Fair 575 (64.90) 311 (35.10)
Good 130 (74.71) 44 (25.29)
Single-parent family (n =
2668)
54.92 ***
No 1559 (71.03) 636 (28.97)
Yes 253 (53.49) 220 (46.51)
SES (n = 2611) 54.18 ***
Low 341 (57.02) 257 (42.98)
Medium 1037 (69.41) 457 (30.59)
High 400 (77.07) 119 (22.93)
Parental smoking (n = 2418) 84.48 ***
Neither 743 (78.05) 209 (21.95)
One 815 (64.43) 450 (35.57)
Both 99 (49.25) 102 (50.75)
Peer smoking (n = 2540) 463.45 ***
None 556 (90.11) 61 (9.89)
Few 900 (71.60) 357 (28.40)
Over half 234 (35.14) 432 (64.86)
Community attachment
(n = 2686)
12.71 **
Low 591 (66.18) 302 (33.82)
Medium 893 (66.59) 448 (33.41)
High 339 (75.00) 113 (25.00)
Scores Mean (SD) Mean (SD) t
Depressive symptoms 11.06 (2.76) 11.57 (2.79) -4.46 ***
Self-competence 21.15 (4.01) 20.28 (3.97) 5.13 ***
Parental support 18.89 (4.32) 17.29 (4.71) 8.41 ***
Parental supervision 13.22 (2.82) 12.21 (3.19) 7.74 ***
School attachment 10.86 (1.43) 10.22 (1.54) 10.18 ***
*: p < 0.05; **: p < 0.01; ***: p < 0.001
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th grade. One of the
advantages of our study was the examination of changes
over time.
We plotted the mean scores of depression, family sup-
port, family supervision, self-competence, and school
attachment (Figure 2). The time effect for each of these
repeated measurements was significant. From the plots,
we see that the depression score increased over time.
Family support dropped sharply between the 7
th and 8
th
grades, as did family supervision. The differences
between the self-competence and school attachment
scores of 7
th and 8
th graders were not as significant. We
speculate that family support or supervision played an
important role in the sharp increase in experimental
smoking. This is a difficult stage for families with ado-
lescents. On one hand, adolescents ask for indepen-
dence; on the other hand, they may not have good self-
control or make good behavioral choices.
A gender difference was observed in this study. Gen-
der differences in adolescent smoking have been dis-
cussed previously. Simons-Morton et al. [9] proposed an
independent association between smoking and peer
influence in boys and an association between smoking
and self-control problems in girls. Societal influences
are another possible contributing factor. Chinese culture
still believes that males should be strong and adventur-
ous, whereas female smoking is not socially acceptable.
Our results are consistent with other observations in
Taiwan [25,26].
Family structure and socioeconomic factors both play
pivotal roles in the smoking status of adolescents. We
found that children from single-parent families experi-
mented with smoking earlier than their counterparts.
Lin et al. reported that parents’ marital status was sig-
nificantly associated with adolescent smoking behavior
in southern Taiwan [27]. Griesbach et al. [28] found
that single-parent families and stepfamilies had a
higher probability of having smokers in the household,
and Covey and Tan [29] confirmed that two-parent
families were protective against adolescent smoking.
Painful disruptions to normal family life, such as par-
ental separation, can trigger depressive symptoms in
adolescents, leading to problem behaviors, such as
smoking [29].
Grade
Overall1 3.12            3.99              2.84              5.98               5.25           5.00              5.98
Boys1 4.63            4.45              3.36              7.05               7.01           6.81              7.97
Girls1 1.58            3.54              2.34               4.96              3.60           3.36               4.25
Figure 1 Incidence (1/100) of smoking in school children from 2002 to 2008.
1. Incidence rate (1/100)
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smoking initiation in adolescents. Similar results were
reported from Hong Kong [30]. There was also a possi-
ble gradient effect: children who had two parents who
smoked were more likely to initiate smoking than were
those with only one parent who smoked. Parental influ-
ence may play a role in adolescents’“ preparatory period”
during which their opinions and beliefs towards smok-
ing are formed. This period determines their “suscept-
ibility” to smoking, with “non-susceptible” defined as
“strong negative intentions against future smoking” and
“susceptible” defined as “one or more questions without
strong negative intentions against future smoking” [31].
Never-smokers who believed that their parents would
disapprove of their smoking in the future were less sus-
ceptible to initiating smoking. Distefan and colleagues
[31] found that maternal smoking strongly encourages
the progression of both male and female experimenters
to become established smokers. These authors also
showed that parents may serve as an impediment to
adolescents’ choice of friends who smoke [31]. This
result explains our findings of the effect of parental
smoking and lack of supervision on children’se x p e r i -
mental smoking. However, a comparison of the influ-
ence of fathers and mothers was not the focus of our
study.
The influence of peers is one of the most determina-
tive factors in adolescents’ experimental smoking. A
similar factor was reported in a cross-sectional study in
southern Taiwan [27]. We observed a gradient effect for
peer influences. Students with a few peers who smoked
were likely to experiment with smoking early but not as
early as students who had a majority of peers who
smoked (-0.78 vs. -1.35). All of these results reached sta-
tistical significance. However, students who smoke may
over report the number of their smoking peers. In a
study of Chinese adolescents and their perceived smok-
ing norms, Chen et al. foundt h a ta d o l e s c e n ts m o k e r s
were inclined to overestimate the number of smokers
among their peers and surrounding adults [32]. The
results found a positive association between perceived
smoking norms and an increased risk of smoking
Table 2 Relative risks for smoking initiation in school children
Variable Estimate s. e 95% C.I. c
2 Pr > c
2
Intercept 2.56 0.34 (1.89, 3.22) 56.80 < .0001
Individual factors
Boys vs. girls -0.31 0.05 (-0.41, -0.20) 34.06 < .0001
Taipei vs. Hsinchu 0.23 0.05 (0.13, 0.34) 19.41 < .0001
School achievement:
Poor vs. good 0.07 0.11 (-0.14, 0.28) 0.39 0.53
Fair vs. good 0.03 0.11 (-0.18, 0.24) 0.08 0.78
Depressive symptoms score 0.00 0.01 (-0.02, 0.02) 0.05 0.82
Self-competence 0.00 0.01 (-0.01, 0.01) 0.02 0.90
Familial factors
Single-parent family -0.20 0.06 (-0.32, -0.08) 10.04 0.00
SES:
Low vs. high -0.09 0.08 (-0.26, 0.07) 1.23 0.27
Medium vs. high 0.06 0.07 (-0.08, 0.21) 0.73 0.39
Parental smoking:
One vs. none -0.24 0.06 (-0.36, -0.13) 17.82 < .0001
Both vs. none -0.37 0.09 (-0.55, -0.20) 18.07 < .0001
Parental support 0.01 0.01 (-0.00, 0.02) 1.35 0.25
Parental supervision 0.01 0.01 (0.00, 0.03) 2.22 0.14
Community factors
Peer smoking:
Few vs. none -0.78 0.11 (-1.00, -0.56) 48.64 < .0001
Over half vs. none -1.35 0.12 (-1.58, -1.12) 131.87 < .0001
School attachment 0.09 0.02 (0.05, 0.12) 20.01 < .0001
Community attachment:
Low vs. high -0.14 0.08 (-0.30, 0.03) 2.69 0.10
Medium vs. high -0.15 0.07 (-0.29, -0.01) 4.15 0.04
Scale 0.57 0.02 (0.53, 0.62)
Weibull Shape 1.75 0.07 (1.62, 1.89)
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tion to educating youth about the negative conse-
quences of smoking, it has been suggested that future
anti-smoking health programs should be geared toward
teaching adolescents how to overcome peer pressure to
conform [33].
School is part of adolescents’ community. We found
that as students’ attachment to school increased, they
were less likely to start smoking. Adolescents spend
the majority of their time at school. In addition to tak-
ing classes, adolescents develop relationships with their
classmates and establish peer groups that greatly
impact their decisions and beliefs. Many studies have
shown that students who excel and adhere to high aca-
demic standards are less likely to engage in smoking
behaviors [6,23]. In addition to students’ attitudes
toward studying, the school atmosphere can influence
adolescent smoking status. Alexander et al. found an
increase in smoking rates among popular students in
schools with a higher smoking prevalence, whereas a
decrease in smoking rates was evident among popular
students in schools with a lower smoking prevalence
[34]. We found that students with median community
attachment experimented with smoking earlier than
those with high attachment. However, students with
low attachment did not differ from those with high
attachment. It is likely that students who do not attach
to the community are less likely to be influenced by
the community. Further investigation on the quality of
the community would provide useful information to
explain these findings.
The main limitation of this study was that students
were recruited from only two areas in Taiwan. There-
fore, the results should be generalized with caution.
Nevertheless, we obtained results similar to other stu-
dies, suggesting that the risk factors for experimental
smoking are universal. Our findings should be taken
into account when designing anti-smoking policies for
teenagers. Another limitation of this study was the use
of self-reported status. Our study was conducted in
schools, and it is possible that students did not respond
truthfully regarding their smoking behavior for fear of
being identified or punished. Many steps were taken to
ensure the students’ comfort and willingness to respond
truthfully. We stressed that their answers during the
survey would not be provided to school teachers, and
we sent our own interviewers to distribute and collect
the questionnaires to ensure that teachers would not
obtain the results.
Conclusions
This study used a cohort to examine the incidence and
multiple influences, including individual factors, famil-
ial factors, and community factors, on experimental
smoking in adolescents. The findings presented in this
study are consistent with those of other studies,
Figure 2 Plots of (a) mean scores of depression; (b) mean scores of family support; (c) mean scores of family supervision; (d) mean
scores of self-competence; and (e) mean scores of school attachment over time. All values reached statistical significance at the 5% level
for testing time trend.
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influences of family and friends and school and com-
munity attachment with experimental smoking in teen-
agers. We found gradient effects for the influence of
parents and friends on the decision to experiment with
smoking. We observed a sharp increase in incidence
from 7
th to 8
th grades. Possible reasons were curiosity
on smoking and decreasing parental support and
supervision.
Additional material
Additional file 1: Appendix 1. Definition of explanatory variables.
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